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Abstract
Speed of fluid simulation calculations is an important factor for realizing real-time applications in computer graphics.
Position based fluids (PBF), which is an incompressible fluid simulation method, has been suggested as a practical
method for real-time simulation. Using this method, it is possible to take large time steps; therefore, the cost of
calculation can be reduced. However, method is not practical for applications that require high resolution and frame rate
because it is necessary to iteratively calculate the density constraints. In this study, we developed a pressure model that
replaces the iterative density calculation in PBF to realize faster simulation. First, we hypothesized that problems with
incompressibility caused by a small number of iterations can be solved by considering the influence of pressure. Second,
we used an alternative pressure model that uses this hypothesis and verified it using simulation. The pressure
interpolation model uses the function relating to the distance and the density. The results confirm that compression of the
fluid can be suppressed even with a small number of iterations. Finally, by considering the influence of pressure in PBF, it
was possible to substitute the proposed model for iterative calculation of the density constraints.
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1 Introduction
In computer graphics, the ability to express highly realistic
fluids in real-time applications is an important factor for
improving the quality of content.
Position based fluids (PBF) [Miles 2013] is a practical
real-time simulation method for incompressible fluids that
uses the particle method. It directly changes the position of a
particle according to the density constraints, in contrast to
traditional mechanical-based simulation techniques. PBF is
advantageous because calculation with large time steps does
not fail; however, it is necessary to perform iterative
calculations to satisfy the density constraints, which is not yet
practical for content that requires a high frame rate and high
resolution. In this study, we developed a computational model
to replace the iterative calculation in PBF and hence perform a
simulation that maintains reality at a higher speed.
2 Local Pressure Correction Model
The number of iterations to calculate the density constraints
in PBF greatly influences the calculation time and
incompressibility of a fluid. Figure 1 shows the differences
between each iteration number of times by the simulation
results. A comparison of the movement of a fluid at the same
time steps by varying the number of iterations shows that the
movement of the fluid is calmer when the number of iterations
is more. In PBF, using a small number of iterations, it is
impossible to maintain non-compressibility because this is
realized by maintaining the density constraints. However, in
order to reduce computational costs, it is necessary to reduce
the number of iterations, and a method for maintaining
incompressibility is required. In this study, a force in a
direction that satisfies the incompressibility is added by
considering the influence of pressure in PBF, and we propose
a method to reduce the number of iterations needed to satisfy
the density constraints. In order to determine the pressure
exerted on the particle, we set the function of distance and
density(Eq. 1). The influence by pressure becomes stronger as
the distance and the pressure difference between the particles
is large.
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where h and x are the effective range and position vector
of the particle, respectively. Pressure ρ is the pressure
difference such as :
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Figure 1: The differences between each iteration number of times
where 0ρ is the initial density, and K is the arbitrary
constant.
3 Algorithm
Our simulation loop is outlined in Figure 2. In this method,
we determine the predicted position again to calculate the
pressure after a neighboring particle search. We then change
the position of the particle in order to satisfy the density
constraints. At this time, iterative calculation is not performed,
which makes it possible to reduce calculation costs.
Figure 2: Algorithm 1 Simulation Loop
4 Result
Figure 3 shows a comparison of the results at the same
simulation time steps obtained by our method and
conventional PBF. Our method maintains incompressibility
when the number of iterations is small, in contrast to the
conventional method. This is because in our method, the force
on the particle in the direction to maintain the
incompressibility was obtained by considering the pressure. In
addition, the calculation time of the proposed method is
maintained almost as the conventional calculation time (Figure
4).
Figure 3: The comparison of the result (3 density iterations per
frame), Top: traditional method, Bottom: our method
Figure 4: simulation time per frame
According to Figure 4, increasing time by using our method is
about one-sixth, compared to the time required to increase one
iteration. For this reason, the proposed method is able to
decrease the calculation time than increasing the number of
iterations for suppressing the compression of the particles. In
conclusion, this method is effective for increasing the
calculation speed of fluid simulations.
4 Limitations and Future Work
In this study, using the proposed calculation model in place of
iterative calculation for the density constraints in PBF was
shown to achieve faster simulation speed. However, using the
high accuracy alternative pressure model increases calculation
costs; thus, the use of an accurate pressure model is limited.
Therefore, it is necessary to improve our model in terms of
reducing the number of iterations by increasing the accuracy
of the calculations to satisfy the density constraints.
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